We observed a new class of proton conduction in a hydronium (H 3 O + ) solvate ionic liquid (IL). The IL is described as [H 3 O + · 18C6]Tf 2 N, composed of 18-crown-6-ether (18C6)-coordinated H 3 O + cation (solvate) and bis(trifluoromethylsulfonyl)amide (Tf 2 N -; Tf = CF 3 SO 2 ) anion. Self-diffusion coefficient measurements revealed that protons of H 3 O + (solute ion) move faster than 18C6 ligand (solvent), marking the first observation of ligand exchange conduction not only among solvate ILs but also among protic ILs without free neutral molecules. On the other hand, protic ILs are prepared through neutralization of Brønsted acids and bases.
Ionic liquids (ILs) are liquid compounds, which consist only of cations and anions and melt below 100
• C. ILs have received growing interest due to their various uses as media in chemical, biochemical and/or electrochemical systems. [1] [2] [3] [4] [5] [6] ILs are classified as aprotic ILs, protic ILs, solvate ILs, and inorganic ILs. 7 Solvate ILs are often represented by equimolar molten mixtures of oligoethers (glymes) and certain metal salts, where Lewis acidic metal cations are solvated by equimolar amount of Lewis basic glymes to give complex cations. [8] [9] [10] [11] [12] [13] [14] [15] On the other hand, protic ILs are prepared through neutralization of Brønsted acids and bases. [3] [4] [5] [6] For instance, a binary mixture of an "imide" superacid, bis(trifluoromethylsulfonyl)imide HTf 2 N (Tf = CF 3 SO 2 ), and a base imidazole (Im) gives protonated imidazolium (ImH + ) cations and Tf 2 N -anions to form protic ILs. 16, 17 Protic ILs are preferred as acid-catalyzed reaction media due to the presence of an acidic proton. [3] [4] [5] [6] More recently, we reported for the first time a hydronium (H 3 18 Figure 1a presents the structural formula; here, water exists as hydronium (H 3 O + ) ion (i.e. solute ion), 18C6 as a ligand (i.e. solvent) to form [H 3 O + · 18C6] complex cation (i.e. solvate), of which the counter anion is Tf 2 N -anion, a dissociated species of HTf 2 N. The hydronium solvate IL is the first example of a nonmetalcation-solvate IL, which melts at rather low temperature of 68-70
• C (Fig. 1b) 
Experimental
The synthesis of [H 3 O + · 18C6]Tf 2 N is described in our previous report. 18 The pulsed-field gradient spin echo NMR (PGSE-NMR) measurements were performed at 75
• C and 85
• C using JNM-ECA600 NMR spectrometer (JEOL Ltd.). The 1 H and 19 F spectra were measured. Other basic experimental conditions were the same as for conventional 1 H NMR spectroscopy. The self-diffusion coefficients were measured using a simple Hahn spin-echo sequence and analyzing on the basis of the Stejskal equation 24 where E is the echo signal attenuation, D is the self-diffusion coefficient, γ is the gyromagnetic ratio, g is the amplitude of the gradient pulses, δ is the duration of the gradient pulses, and is the interval between the leading edges of the gradient pulses. 
where F is the Faraday constant, R is the gas constant, and T is the absolute temperature. 9 Using the data listed in Table I + as a whole (vehicular diffusion of proton) should occur, just like the proton in acidic solution as observed by Kreuer et al. 25 Clearly, the presence of hydrogen bonding, which should be related to the observed ligand exchange conduction, differentiates the hydronium solvate IL from all metal ion solvate ILs previously reported. In protic ILs, Grotthuss-like H + transfer (i.e. proton hopping) takes place in the presence of neutral molecules. For example, a mixture of HTf 2 N and excess (more than equimolar) imidazole molecules shows proton hopping conduction, revealed by the fact that protons move faster than imidazole molecules. 5, 16, 17 Although the conductivity is high in the HTf 2 N-imidazole mixture, the volatility of neutral imidazole molecules prevents their use at high temperature. 17 The proton conductivity, i.e., the product of t + and ionic conductivity, can be obtained as 1.37 mS cm -1 at 75
• C and 1.83 mS cm -1 at 85
• C. The ligand exchange conduction without intrinsically volatile neutral molecules is fascinating because the concept could enable high temperature application with high conductivity. Consequently, in terms of the ligand exchange conduction mechanism, the hydronium solvate IL should be distinguished from all protic ILs previously + and three hydrogen bonds with 18C6 (Fig. 1a) , while in [ImH + ]Tf 2 N there seems to be only one N-H bond. Thus, we consider that the dense hydrogen bonding network causes the unusual conduction mechanism, which does not need the help of neutral molecules.
A further insight for possible origin of the foregoing ligand exchange conduction of the hydronium solvate IL was speculated from the thermogravimetric analysis result. 18 The temperature of a 5% mass loss for the hydronium solvate IL is 132
• C at a heating rate of 5 K min -1 . Although the ligand (i.e., crownether and glyme) and/or coordinated cation (Li + , Na Fig. 4 Also, the peak area ratio was 12:1, in good agreement with the stoichiometric one (see Fig. 5b ). 
